Changes in expression and accumulation of gluten proteins were investigated in developing kernels of 2 wheat cultivars, Norin 61 and Fukusayaka. Expression of 7 gluten subunit genes was detectable 7 days after anthesis (DAA) in both cultivars, while changes in expression patterns of these subunits over time were found to be specific to each cultivar. The accumulation of total proteins and ethanol-soluble proteins was analysed by SDS-PAGE and acidic-PAGE, respectively. The band patterns of total proteins in both cultivars changed markedly between 14 and 21 DAA. Ethanol-soluble proteins, which are mainly gliadin proteins, were detected at 21 DAA in Norin 61 and at 14 DAA in Fukusayaka. We investigated the textural properties of dough prepared from the flour of mature and immature Norin 61. The tension test revealed that dough prepared from immature wheat had higher tensile strength and lower extensibility than that prepared from mature wheat.
Introduction
Wheat is one of the most important crops consumed by humans and is cultivated worldwide. Wheat flour is processed into various foods, including bread, pastas and noodles. Although the grain productivity is a major concern for wheat growers, millers are interested in the functional properties of flour. Thus, there have been many attempts to predict final wheat product quality in the early stages of kernel development (Abonyi et al., 2007; Dupont et al., 2000; Greene et al., 1985; Iametti et al., 2006; Johansson et al., 1994; Ng et al., 1990; Uhlen et al., 2000) .
In the kernel, seed coats enclose the endosperm and germ. Botanically, the endosperm consists of an outer aleurone layer and a starchy endosperm. The aleurone layer is removed during milling as part of the bran, leaving the starchy endosperm as the source of wheat flour. The starchy endosperm cells are packed with starch granules and a surrounding matrix, which is largely protein. The major storage proteins in these cells, the gluten proteins, give wheat flour its unique functionality (Belitz et al., 2004; Shewry and Halford, 2002) . The gluten proteins are produced by the secretory pathway and are deposited in the developing endosperm cells in discrete protein bodies, which reportedly form a continuous protein matrix in the later stages of development (Shewry, 1999; Shewry and Halford, 2002) .
The gluten proteins are classified into 2 groups on the basis of their solubility in alcohol-water mixtures (typically, 60 -70% ethanol) as the soluble gliadins and the insoluble glutenins. The gliadins are further divided into 4 subgroups, namely α-, β-, γ-, and ω-gliadins depending on their mobility during electrophoresis at low pH (Bushuk and Zillman, 1978; Rumbo et al., 1999) . Later studies on amino acid sequences, however, have shown that electrophoretic mobility does not always reflect protein relationships and that α-and β-gliadins fall into one group (α-gliadin or α/β-gliadin) (Wieser, 2007) . Most gliadins are monomeric proteins, whereas wards et al., 2007; León et al., 2009; Shewry et al., 2005) . Immature wheat has different contents of these subunits and components, suggesting that the dough and wheat product of such immature wheat should have different properties than those of normal mature wheat. These experiments will provide insight into the relationship between the components and functionality of wheat protein. Furthermore, detailed research on developing wheat kernels will provide valuable information on obtaining wheat flour that is best suited to the respective end products.
As described above, several authors have studied compositional changes in gluten proteins during kernel development (Abonyi et al., 2007; Bartels and Thompson, 1986; Greene et al., 1985; Grimwade et al., 1996; Iametti et al., 2006; Johansson et al., 1994; Mecham et al., 1981; Ng et al., 1990; Skerritt et al., 1988) . However, relatively few studies have examined individual gluten proteins at the subunit level. In the present study, we applied quantitative realtime polymerase chain reaction (PCR) analysis to detect and quantify the gene expression of individual gluten proteins during kernel ripening. We used 2 different Japanese wheat cultivars, namely Norin 61 and Fukusayaka, grown under identical agronomic and climatic conditions. We also studied the compositional changes in protein fractions in the same cultivars. In addition, we obtained immature wheat flour from Norin 61 and compared the textural properties of the dough prepared from this immature wheat flour with those of dough prepared from mature wheat flour. To our knowledge, this is the first report in which the textural properties of dough prepared from the flour of immature wheat have been studied.
Materials and Methods
Plant material We used 2 cultivars of Japanese winter wheat, namely Norin 61 and Fukusayaka, in this study. Norin 61 is a standard wheat cultivar in Japan and is widely cultivated. The Fukusayaka cultivar was produced by crossing a Shirasagikomugi and a Shiroganekomugi, both of which are Japanese wheat cultivars. Both wheat flours obtained from Norin 61 and Fukusayaka are medium-strength flours and are mainly used for the manufacture of noodles. The cultivars were grown in the experimental field of Shiga Prefecture Agricultural Technology Promotion Center, located in Shiga, Japan. Heads were harvested at 7-day intervals starting at anthesis (24 April, 2007) up to the fully ripe stage (5 June, 2007, 42 days after anthesis; DAA). After harvesting, the heads were cut-off, immediately frozen in liquid nitrogen and stored at −80℃ until use. For analysis, fresh kernels were randomly selected from the frozen heads.
To analyze the textural properties, the kernels of Norin glutenins are polymeric proteins, each subunit of which is linked by intermolecular disulfide bonds. After reduction of the disulfide bonds, the glutenins are separated into high-molecular-weight (HMW) glutenin subunits and low-molecularweight (LMW) glutenin subunits (Belitz et al., 2004; Shewry and Halford, 2002; Wieser, 2007) . The monomeric gliadins are responsible for the viscosity and extensibility of wheat dough, and the glutenin polymer contributes to the elastic and cohesive properties (Belitz et al., 2004; Shewry et al., 2005) . The HMW glutenin subunit is regarded as the most important determinant of the functional properties of wheat flour because of its significant contribution in forming the glutenin polymer. The gluten protein genes are specifically expressed in endosperm tissue and are under strict developmental regulation. Iametti et al. (2006) confirmed that the synthesis of the major gluten-related proteins occurred during the milky phase, that is, between the second and the third week after anthesis. They also indicated the sudden appearance of gluten proteins within a few days. Grimwade et al. (1996) reported that mRNAs for the various groups of gluten proteins were detected from 11 days after anthesis, and the proteins were detected from about 14 days after anthesis. When using acidic-polyacrylamide gel electrophoresis (A-PAGE), the gliadin bands became visible at about 6 days (Greene et al., 1985) , 10 days (Bartels and Thompson, 1986; Johansson et al., 1994; Ng et al., 1990) , 8 -12 days (Skerritt et al., 1988) , and 12 -15 days (Mecham et al., 1981) after anthesis. The glutenin banding patterns on sodium dodecylsulfate-PAGE (SDS-PAGE) were detectable at 8 days (Skerritt et al., 1988) , 10 days (Bartels and Thompson, 1986; Shewry et al., 2009) , 13 days (Ng et al., 1990) , and 14 days (Johansson et al., 1994) after anthesis. Further studies using a reversedphase high-performance liquid chromatography (RP-HPLC) technique detected small quantities of the gliadin and glutenin monomers in the early stages of kernel development, but the bulk of these proteins were synthesized in later stages of development. This suggested that the formation and accumulation of glutenin polymers started later than the synthesis of monomers (Abonyi et al., 2007) . Shewry et al. (2009) reported that kernel desiccation, which is the final phase of kernel maturation, is associated with a dramatic increase in the proportion of large glutenin polymers. In a developing wheat kernel, the amount, composition and structural properties of gluten proteins are continuously changed.
The immature kernel has been an interesting experimental object in cereal research, and it possesses various potentialities for food processing. Dough properties and wheat product properties depend on the glutenin and gliadin subunits and components, and vary with various wheat cultivars (Ed-total RNA for cDNA synthesis with oligo dT primer and random 6-mer using a PrimeScript RT reagent kit (Takara Bio Inc., Shiga, Japan). The reverse transcription reaction was performed at 37℃ for 15 min, followed by incubation at 85℃ for 10 s in order to inactivate the reverse transcriptase. The concentration and purity of RNA was determined by absorbance at 260 nm and 280 nm with a NanoDrop spectrophotometer (ND-1000, NanoDrop Technologies, Inc., Wilmington, DE, USA).
Quantitative Real-Time PCR analysis For real-time PCR with cDNA, SYBR Green chemistry was used on a Cepheid Smart Cycler system (Cepheid, Sunnyvale, CA, USA). PCR consisted of 2 × SYBR Premix Ex Taq (Takara Bio Inc., Shiga, Japan), 0.5 μL of each primer, and 2 μL of cDNA as template in a final reaction volume of 25 μL. Real-time PCR was first performed at 95℃ for 10 s in order to activate the DNA polymerase, followed by 40 cycles at 95℃ for 5 s (denaturation), and 60℃ for 30 s (annealing and extension). Gene-specific primers were designed to amplify 90 -300 base pairs (bp) based on those regions selected for the absence of homology in the prolamins of other groups. The 18S rRNA gene used as an internal constitutively expressed control (reference gene) was amplified in parallel with the target gene, allowing gene expression normalization and providing quantification. The primers used and target size of the fragment amplified are shown in Table 1 . At the end of the PCR run, a melting curve (60℃ -95℃) was conducted to determine whether only 1 product was amplified. Further-61 at 14 DAA (9 May, 2008) and at the ripe stage (early June 2008, 42 DAA ) were milled into flour using a Quadrumat junior mill (Brabender, Duisburg, Germany). The flour yield of Norin 61 at 14 DAA was 28.5%, and the flour yield of Norin 61 at the ripe stage was 27.9%. Wheat kernels were milled (June 2008), and were stored at 4℃ for about half a year until analysis of textural properties. The flour obtained from Norin 61 at the ripe stage is referred to in this study as 'mature wheat flour', and the flour obtained from Norin 61 at 14 DAA is referred to as 'immature wheat flour'.
One hundred grams of mature wheat flour (14% moisture basis (mb)) contained 348 kcal of energy, 8.5 g of protein, 1.2 g of lipid, 72.8 g of carbohydrate, 3.1 g of dietary fibre, and 0.4 g of ash. One hundred grams of immature wheat flour (14% mb) contained 350 kcal of energy, 11.5 g of protein, 1.7 g of lipid, 67.1 g of carbohydrate, 5.0 g of dietary fibre, and 0.7 g of ash.
Determination of average fresh kernel weight We randomly selected 25 fresh kernels, comprising 5 seeds from each of 5 frozen heads. Weight of the 25 kernels was measured, and the average weight was calculated.
RNA isolation and synthesis of cDNA Kernels were placed in liquid nitrogen and crushed by pressing, and then ground to a fine paste with a Teflon mortar and pestle. Total RNA was extracted and purified using an RNeasy Plant Mini Kit (Qiagen, Hilden, Germany), according to the manufacturer's instructions. First-strand cDNA was synthesized by reverse transcription from total RNA. We used 100 ng of Wheat Proteins in Developing Kernel Table 1 . Gene-specific primers and size of amplified products in real-time polymerase chain reaction.
Name
Sequence Target size (bp) Accession number
a 18S rRNA was used as an internal constitutively expressed control. UK). Tension test was performed at a hook speed 3.3 mm/ s and trigger force of 5 g using the Kieffer Rig. Sample loading and tension test were conducted according the manufacturer's protocol (Smewing, 1995) . Each strip was placed across the grooved region on the sample plate of the Kieffer Rig. The hook probe was positioned in the groove under the strip and was slowly raised upward at 3.3 mm/s. The middle of the strip was hooked by the Kieffer Rig, and then strip was drawn and stretched upward until rupture. During upward drawing, tensile force and extension distance were measured continuously. From the tension test, 2 parameters were obtained: the maximum resistance to extension (R max ) and the extensibility until rupture (Erup).
Results and Discussion
Changes in average fresh kernel weight The average fresh kernel weights of Norin 61 and Fukusayaka during the experimental period were plotted in Fig. 1 . The 2 wheat cultivars used in this study were grown under identical agronomic and climatic conditions. The influence of environmental elements was eliminated for comparison of these cultivars. In general, kernels are known to desiccate rapidly in the final phase of development, losing approximately 10 -15% of water, at which time they are ready for harvest (Dupont and Altenbach, 2003) . Figure 1 shows that the fresh kernel weight of Norin 61 increased linearly to the maximum weight of 75 mg per kernel at 35 DAA and decreased slightly (65 mg per kernel at 42 DAA), indicating that Norin 61 was matured at 35 DAA. The final desiccating process for harvest seems to have begun at 35 DAA. Kernel weight of Fukusayaka also initially increased in a similar pattern to Norin 61, reaching 58 mg per kernel at 28 DAA. In contrast more, aliquots of real-time PCR products were analysed in 2% agarose gels and ethidium bromide staining following standard procedures.
The comparative C T method was used to determine the relative expression of the target gene. Differences in C T for the target gene and reference gene (18S rRNA), designated ∆C T , were calculated. The ∆C T of the calibrator was subtracted from the ∆C T of each sample and was termed ∆∆C T . Subsequently, the amount of target gene, which was normalized against the reference gene and relative to the calibrator, was determined by calculating 2 −∆∆ C T . SDS-PAGE SDS-PAGE was performed according to the method of Laemmli (1970) . Fresh kernels were frozen in liquid nitrogen and ground to a fine paste with a Teflon mortar and pestle. One milliliter of sample buffer for SDS-PAGE (0.0625 M Tris-HCl, pH 6.8; 20% glycerol; 2% SDS; 0.0002% bromophenol blue; 5% 2-mercaptoethanol) was added to 50 mg of ground kernels and shaken for 1 h at 50℃. The extract obtained was placed in boiling water for 3 min to completely denature proteins, and was then centrifuged at 16,000 × g for 5 min. We applied 10 μL of the supernatant to each lane of the polyacrylamide gel (13.5%). Gels were stained with Coomassie Brilliant Blue (CBB) -R 250.
A-PAGE A-PAGE was performed according to the method of Khan et al. (2003) and Shewry et al. (1995) . Three hundred microliters of 70% (v/v) ethanol was added to 100 mg of ground kernels and shaken for 1 h at 30℃. After centrifugation at 16,000 × g for 5 min, the supernatant was mixed with an equal volume of sample buffer (0.25% aluminium lactate-lactic acid, pH 3.1; 55% sucrose; 1% methyl green), and 5 μL of sample was loaded onto each lane of the gel. A-PAGE was performed using a lactic acid-polyacrylamide gel (7.25%, pH 3.1) at 25 mA constant current per gel at 4℃. Electrophoresis was continued until the slow (purple) band of the 2 methyl green tracking dyes reached the bottom of the gel. The gel was placed in 50 ml of 10% (w/v) trichloroacetic acid (TCA) for 30 min, and 0.7 ml of 0.5% CBB-R 250 was added, and the gel was then left overnight. No destaining was performed.
Texture analysis of wheat dough-Tension test Mature wheat flour and immature wheat flour, both of Norin 61, were used. Dough was prepared using 10.1 g of wheat flour (14% mb) and 5.1 ml of water and was kneaded in a MicroFarinograph (Brabender, Duisburg, Germany) for 15 min at 30℃. The dough was packed into an airtight bag and kept at 20℃ to relax for 20 min. After relaxation, the dough was molded into strips (53 mm × 4 mm × 5 mm) in a humid container at 20℃ for 40 min. Dough strips were subjected to tension test, which was conducted on the TA-XT2 Texture Analyser (Stable Micro Systems Ltd., Godalming, Surrey, Expression of gluten subunit genes during kernel development In order to quantify the expression of 7 gluten subunit genes (HMW-X, HMW-Y, LMW-s, LMW-i, α-gliadin, γ-gliadin 2, and γ-gliadin 3), the amount of mRNA present in a developing kernel (from 0 DAA to 35 DAA) was determined by real-time PCR. The primer pairs used for amplification of these subunit genes are shown in Table 1 . The primer pairs designated as γ-gliadin 2 and γ-gliadin 3 were designed to amplify group 2 and 3 of γ-gliadins, respectively, according to the method of Pistón et al. (2006) . In this study, we selected the 18S rRNA gene as an internal reference gene, and the primer pairs for the 18S rRNA are also shown in Table 1 . Non-specific PCR products and primer dimer artifacts were checked by melting curves analysis and agarose gel electrophoresis. Each fragment had a unique melting temperature peak, which indicates that non-specific amplifications did not occur (data not shown). This was corroborated by agarose gel electrophoresis, where single products of target size were obtained ( Fig. 2A) . Figure 2B illustrates the expression profiles of mRNA coded for the 7 gluten protein genes. Time-dependent changes in the relative expressions of these subunits were detected in each cultivar. Although the amount of total RNA extracted from the kernels at 0 and 7 DAA was relatively high (data not shown), mRNA in the gluten subunits was not observed up to 7 DAA in both cultivars (Fig. 2B) .
In Norin 61, the expression of the α-gliadin gene and LMW glutenin genes (LMW-s and LMW-i) increased until reaching maximum levels of expression at 28 DAA, then decreasing sharply between 28 DAA and 35 DAA (Fig. 2B) . However, the γ-gliadins genes (γ-gliadin 2 and γ-gliadin 3) and the HMW glutenin genes (HMW-X and HMW-Y) increased initially to the maximum level of expression (except γ-gliadin 3) at 14 DAA, decreased over the following 7 days, and increased again between 21 DAA and 28 DAA, before decreasing sharply (Fig. 2B, inset figure) . The α-gliadin gene and the LMW-s gene were expressed at significantly higher levels than the other subunit genes throughout the experimental period.
In Fukusayaka, expression of all of gluten subunit genes except the HMW-Y glutenin subunit started from 7 DAA and reached maximum levels at 21 DAA (Fig. 2B) . The maxi- nant. In Fukusayaka, the expression of gluten protein genes proceeded simultaneously. The expression of gluten subunit genes in Fukusayaka peaked about 7 days earlier than in Norin 61. Changes in the expression of gluten subunit genes in developing kernels were thus found to be specific to each cultivar.
Wheat Proteins in Developing Kernel
Changes in protein patterns during kernel development In order to assess the changes in protein patterns during kernel development, total wheat proteins were extracted from ground kernels and analyzed by SDS-PAGE. As shown in Fig. 3A , similar patterns were observed in both cultivars. Some protein bands were found only in the early stages of development; that is, several bands with 15 -20 kDa were the other subunit mRNA from 7 DAA to 35 DAA, as was observed in Norin 61.
Differences between the 2 cultivars were also observed. For example, the γ-gliadin 2 subunit gene was expressed at higher levels in Fukusayaka than in Norin 61. The LMW-i glutenin subunit gene, however, was expressed at lower levels in Fukusayaka than in Norin 61. This result suggests differences in the subunit composition of gluten proteins between Norin 61 and Fukusayaka. In Norin 61, relatively high proportions of γ-gliadins mRNA and HMW glutenin mRNA were observed in the early stages of development. However, in the later stages of development in Norin 61, α-gliadins mRNA and LMW glutenin mRNA were predomi- Textural properties of immature wheat flour As shown in Fig. 3A , the patterns of total kernel protein extracts of Norin 61 changed markedly between 14 and 21 DAA. In addition, the proportions of mRNA expression changed greatly between the early and later stages of development in Norin 61. Therefore, we selected Norin 61 for analysis of the textural properties of immature wheat flour. It was assumed that the textural properties of wheat dough prepared from earlier and later Norin 61 would be different. To examine the textural properties of wheat dough prepared from mature and immature wheat, the next year, the heads harvested from Norin 61 at 14 DAA and at the fully ripe stage were milled into flours that were then used in dough for texture analysis.
SDS-PAGE patterns of mature and immature wheat flour clearly observed at 0 DAA and then decreased in intensity. The protein band pattern observed at 0 DAA was different from that observed at 21 DAA. Other protein bands in the range of 30 -50 kDa were newly detected after 21 DAA. In addition, other bands with high molecular size ( > 97 kDa) appeared at 21 DAA and remained until maturity (Fig. 3A) . After grinding the kernels in each stage, the gliadin fractions were mainly extracted in 70% ethanol and analyzed by A-PAGE at pH 3.1. Bands were suddenly observed at 21 DAA for Norin 61 (Fig. 3B) . In Fukusayaka, faint bands of gliadin proteins were observed at 14 DAA (Fig. 3B) . Accumulation of all gliadin components appeared to begin simultaneously in both cultivars. Gliadin proteins accumulated about 7 days earlier in Fukusayaka than in the Norin 61. 

Discussion
The effects of temperature on the synthesis and accumulation of gluten proteins are unclear, but several studies have indicated their involvement in the composition of gluten proteins (Dupont et al., 2000; Dupont and Altenbach, 2003; Johansson, 2000; Uhlen et al., 2000) . In most cases, environmental factors should be accounted for when considering the changes in protein fractions in developing kernels. In this study, we used 2 Japanese winter wheat cultivars, Norin 61 and Fukusayaka, which were grown under identical agronomic and climatic conditions. Therefore, the influence of environmental elements can be disregarded for the comparison of these cultivars.
We examined the progressive changes in the gene expression and protein composition of gluten proteins in Norin 61 and Fukusayaka. Although both wheat cultivars flower in late April, our results indicated that the accumulation of proteins and expressions of gluten protein genes progressed about 7 days earlier in the kernels of Fukusayaka than in Norin 61. When compared to the standard cultivar Norin 61, Fukusayaka is shorter in culm length by 10 cm and has superior lodging resistance. In addition, Fukusayaka matures about 5 days earlier, thus enabling harvest before the Japanese rainy season (Ishikawa et al., 2005) . The observations in this study clearly demonstrate the early maturation of Fukusayaka.
As shown in Figs. 2 and 3, protein fractions are markedly and continuously changed during kernel development. As mRNA for gluten subunits was not observed up to 7 DAA in either cultivar (Fig. 2B) , the protein components observed by SDS-PAGE in the early stage of development were probably metabolic and structural proteins. In Norin 61, relatively high proportions of the γ-gliadins and HMW glutenin subunits were expressed in the early stages of development. In the later stages, the expression of α-gliadins and LMW glutenin subunits was predominant. On the other hand, in Fukusayaka, the expression of gluten protein genes proceeded simultaneously (Fig. 2B) . However, A-PAGE patterns revealed that all gliadin bands appeared synchronously in both cultivars (Fig. 3B) . In addition, the protein bands of HMW glutenin subunits, which were detected on SDS-PAGE as bands greater than 97 kDa, appeared after 21 DAA, although the mRNA of HMW glutenin subunits were expressed at relatively high proportions in early stages of development in Norin 61 (Fig. 3A) . To understand this time lag between expression of mRNA and accumulation of gluten proteins, further studies will be needed. Our results also indicated that sudden changes in the composition of protein fractions. It should be noted that in both cultivars studied, protein patterns observed by SDS-PAGE were completely changed are shown in Fig. 4A . The band patterns were somewhat different from those observed in Fig. 3A . This is because the seed coats and aleurone layers were removed as part of the bran during milling. Furthermore, the climatic conditions in the year of harvest may have changed the growth speed of kernels as compared to the previous year.
The rheological properties of wheat dough were investigated using the tension test on a TA-XT2 Texture Analyser. Figure 4B shows the typical force-distance curves obtained by the tension test. In the tension test, one dough strip was strained upward using the Kieffer Rig. The tension force increased with the upward extension of the sample, and the maximum resistance force to extension (R max ) was reached, after which the dough strip was cut at the maximum extended distance (extensibility until rupture [Erup] ). Figure 4C shows the R max values of mature (fully ripe stage) and immature (14 DAA) wheat dough. The R max value of the immature dough was significantly higher than that of the mature wheat dough (Fig. 4C) . However, the Erup value of the immature wheat dough, as shown in Fig. 4D , was lower than that of the mature wheat dough. The textural properties of the immature wheat dough applied in this study were clearly different from those of the mature wheat dough; that is, the immature wheat dough possessed higher tensile strength and lower extensibility when compared with the mature wheat dough.
Immature wheat flour is quantitatively different from mature wheat flour in dietary fiber fraction and in protein fraction. These differences would affect the rheological properties of these doughs. The immature wheat flour contains 5.0% dietary fiber and 11.5% proteins, whereas the mature wheat flour contains 3.1% dietary fiber and 8.5% proteins. During the development of kernels from 14 DAA to the fully ripe stage, starch increased greatly (67.1 to 72.8% carbohydrate), and the relative amounts of these fractions therefore decreased. The quantities of both dietary fiber and protein would greatly affect the moisture-absorption properties of wheat flour. Therefore, the textures of the doughs made from these flours were significantly different when flours were kneaded with the same amount of moisture. As shown in Fig. 4A , some differences in band pattern were observed, particularly in the region of lower molecular weight components of about 30 kDa. The quantitative and compositional differences of flour proteins may also influence the network structure of wheat dough.
In this experiment, both flours were kneaded with the same amount of moisture. When flours are kneaded with amounts of moisture more suitable for their respective protein contents, different results would be observed. within 7 days, between 14 and 21 DAA (Fig. 3A) . These results show that heads should be sampled in at an interval of less than 7 days. These observations are consistent with previous reports. For example, Iametti et al. (2006) evaluated gluten proteins by Western blotting using anti-gliadin antibodies and reported the sudden appearance of immunoreactive proteins within a few days.
We also investigated the textural properties of immature wheat flour of Norin 61. The immature wheat dough showed significantly higher tensile strength and lower extensibility when compared with mature wheat dough (Figs. 4B, 4C , and 4D). The differences in quantity and expression levels of gluten proteins thus affect the rheological properties of the wheat dough. In this study, SDS-PAGE patterns of mature and immature wheat flour did not differ greatly (Fig. 4A) . If the immature wheat flours possessed clearly different gluten protein compositions, as observed in the previous year (Fig.  3) , more distinctive differences of textural properties would be observed. The results suggested that immature wheat flour can be useful in modifying the textural properties of various wheat products. Previous studies also showed that immature wheat kernels contain much higher amounts of fructooligosaccharides than mature wheat kernels (Iamatti et al., 2006; Mujoo and Ng, 2003; Paradiso et al., 2006) . The contents of fructooligosaccharides, which are known for their health benefits, decreases markedly with kernel maturation. To produce functional foods enriched in fructooligosaccharides, the possible incorporation of immature wheat kernels into foods was investigated elsewhere (Mujoo and Ng, 2003; Paradiso et al., 2006) . The polysaccharides and the protein fractions in immature kernels are of nutritional interest and reportedly did not impair further processing of these materials into foods (Mujoo and Ng, 2003; Paradiso et al., 2006) . In this study, only trace amounts of gliadins were present in immature kernels (Fig. 3B) , which could also represent a potential food material for gluten-sensitive individuals (e.g., coeliac disease patients). However, gliadin content in the kernel depends on cultivars and period after anthesis.
Marked changes occurred during development of wheat kernels. The amounts of ascorbate and glutathione, as well as enzymatic activities, also changed with ripening, similarly to the protein fraction compositions and polysaccharide contents (Every, 1999; Paradiso et al., 2006) . Continued studies will yield further insights into the suitability of immature wheat kernels for food processing, and the regulation techniques to obtain mature wheat flours that possess the desired properties.
